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ABSTRACT. Camu – camu, Myrciaria dubia (Myrtaceae) is a 
native species of the Amazon Rainforest that has been attracting 
attention worldwide and arousing great interest in the food and 
pharmacological industries due to the high concentrations of ascorbic 
acid in its fruit, which is exported to several countries. Characterizing 
different materials of M. dubia by means of molecular markers 
allows integration of agronomic and molecular information to aid in 
the search for more promising varieties. We examined the genetic 
variability of 11 populations of this species distributed along the 
Branco River hydrographic basin in state of Roraima in northern 
Brazil. The populations were defined taking into account the origin of 
the subsample. The 55 sub-samples present in the Embrapa Roraima 
Germplasm Collection were evaluated using five ISSR initiators 
(UBC 811, UBC 812, UBC 817, UBC 868 and UBC 880). The five 
primers tested generated 64 fragments, with a 98% polymorphism 
rate. The greatest genetic variation was expressed within the 
populations (66.6%), while the lowest divergence was determined 
among the populations (33.4%) of the collection. There was a 
significant correlation between genetic and geographical distances 
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(Mantel test, r = 0.3%, P < 0.01). Analysis with the UPGMA method 
gave four subgroups showing that various individuals are genetically 
divergent and can be used in genetic breeding programs. 
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INTRODUCTION 
 
Myrciaria dubia  (Myrtaceae), known worldwide as camu-camu, is native to 
South America occurring in countries such as Peru, Guyana, Colombia, Venezuela and 
Brazil (Yuyama, 2011; Panduro et al., 2017). As it has the largest known fruit 
concentration of vitamin C (3 to 8 g in 100 g pulp) in the Amazon and contains 
compounds with antioxidant activity, the species is widely used in the northern region 
of the country and has  high commercial potential (Suguino et al., 2001; Akter et al., 
2011; Grigio et al., 2017). Its lyophilized pulp is mainly marketed to Europe, Japan and 
the United States, generating food, pharmacological and cosmetic products (Panduro et 
al., 2004, Akter et al., 2011).  
Knowledge of genetic divergence is important step for efficient selection of 
species of commercial interest and in the process of domestication, such as M. dubia. 
Depending on the distribution of genetic variability, strategies can be defined for in situ 
conservation of populations with greater variation, selection of mother plants for 
implantation and supplementation of ex situ collections, as well as identification of the 
existence of gene flow (Martins, 1987; Negreiros et al., 2008; Nascimento et al., 2013). 
In the northern Amazon, studies with morphological and agronomic markers 
have been performed with the aim of characterizing genetic variability to help improve 
the useful characteristics (Chagas et al., 2015; Lozano et al, 2016; Panduro et al., 2017). 
However, information generated through molecular markers is scarce for this species. 
Microsatellite markers such as ISSR (Inter Simple Sequence Repeats) can be used to 
determine the genetic distances allowing access to the genotype without influence of 
environmental conditions, as well as to verify the patterns of distribution of genetic 
variability within and among populations, and possible gene flow among them 
(Gonzales and Aguirre, 2007; Padmesh et al., 2012). To this end, we evaluated the 
genetic structure within and among 11 populations of M. dubia dispersed along the 
Branco river basin, with the use of ISSR markers. 
MATERIAL AND METHODS 
Study area 
 
The hydrographic basin of the Branco river is located in the extreme north of 
Brazil, in the border areas with Venezuela and Guyana (Figure 1). The basin is the main 
drainage system of the state of Roraima, occupying about 191,000 km
2 
of its territory 
(85%) being a sub-basin of the Negro river, which is a part of big Amazon System of 
rivers (Lemos et al., 2017). The Branco river basin is formed by the confluence of the 
rivers Tacuatu and Uraricoera, cutting almost the entire extension of Roraima in a 
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north-south direction. Its waters are classified as white because of the concentration of 
sediments in the period of heaviest rainfall incidence (IBGE, 1996). 
 
 
Figure 1. Geographic locations of the 11 different populations of  Myrciaria dubia sampled from the Branco river 
basin, Roraima state.  
Sampling 
 
The genotypes of M. dubia used in this study are maintained at the Serra da 
Prata Experimental Field, Embrapa Roraima, located at Vicinal da Pratinha, km 07, 
Mucajaí municipality (02º22'36" N, 60º59'48.5" W). Plant cuttings were collected along 
the Branco River basin (Figure 1) and propagated by Chagas et al. (2015), establishing 
the Embrapa-RR Camu-Camu Germplasm Collection. These plants were transplanted in 
the form of cuttings directly from their natural habitat and because they are propagated 
vegetatively and not by seeds, they are identical to the mother plants from their original 
habitats. Each plant received a code with the abbreviation of the name of the river or 
stream of origin, identifying the populations under study (Table 1).   
The maximum distance between the geographical coordinates occurs between 
the populations of the Urubu River (RUR) and Água Boa do Univiní (ABU), which is 
309 km. From this material, genetic variability information was generated based on 
ISSR markers and correlated with the geographic distances of the populations. 
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BRB AB Água Boa Stream / Branco River 5 1º9’52,56”N  61º20’21,90”W 
ABU Água Boa do Univini Stream 2 0º30’0”N  61º45’0”W 
BRB AT Açaí Tuba Stream 5 0º41’22,26”N  61º31’58,56”W 
RB BQ Bem Querer/ Branco River 9 1º55’16,86”N  61º0’26,10”W 
BRB EV Estirão do Veado Stream 4 0º47’10,86”N  61º27’11,46”W 
IAB Água Boa Stream / Mucajaí River 6 2º40’1,30”N  60º45’57,11”W 
RB LM Morena Lake 8 2º27’27,30”N  60º50’0,84”W 
BRB LR Dos Rei Lake 5 1º30’10,44”N  61º15’44,64”W 
BRB MU Muçum Lake 3 0º41’17,10”N  61º34’2,82”W 
RQ Quitauau River 3 2º25’44,22”N  60º45’57,11”W 
RUR Urubu River 5 2º12’28,73”N  60º2’28,62”W 
Extraction of DNA from the M. dubia 
 
For the extraction of the DNA, we collected young leaves from each individual. 
After collection, the leaves were stored in paper bags previously identified and 
transported in an insulated box with ice. In the laboratory, the material was stored in a 
freezer at -80ºC until extraction. DNA isolation was performed following the method of 
Doyle and Doyle (1987) modified.  The quality and quantity of DNA present in the 
samples was analyzed by 0.8% agarose gel electrophoresis and by spectrophotometry in 
a CIRRUS 80 MB (FEMTO) apparatus. 
Amplification of the extracted fragments 
 
For the molecular variability analysis, we used the primers UBC 811, UBC 812, 
UBC 817, UBC 868 and UBC 880 for PCR. Amplification reactions were performed 
with a final volume of 25 μL, consisting of approximately 80 ng of genomic DNA, 2.0 
μM of each initiator, 1X Reaction Buffer (pH 8.5), 1.0 mM MgCl2, 1.0 mM dNTPs and 
0.75 U of Taq Hot Start Polymerase (Promega). The annealing temperatures varied 
from 50 to 60°C. 
The amplification reaction was performed in a GenCycler thermocycler 
(BYOSISTEMS) and its products were submitted to 1.5% agarose gel electrophoresis. 
Gels were visualized by excitation under ultraviolet light (302 nm) and documented by 
EasyDoc 200 digital photodocumentation System. 
Data analysis 
 
From the amplified bands, a binary matrix (absence = 0 / presence = 1) was 
constructed by observing the number and percentage of polymorphic bands per initiator, 
thus determining the amount of polymorphic locus. The matrix that was generated was 
used as the basis for analysis with the Computational Program in Genetics and Statistics 
GENES version 2017.3.25 (Cruz, 2006). 
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The minimum number of polymorphic bands required to obtain stable 
associations between the species was estimated through bootstrap analysis. The genetic 
similarity for each pair of individuals was carried out using resamples of different sizes 
with 10,000 permutations, performed with the aid of the software GENES (Cruz, 2006). 
The distribution of genetic variability among and within the species populations 
was estimated through Molecular Variance Analysis (AMOVA) based on the method of 
Excoffier et al. (1992), carried out with GENES software (Cruz, 2006). The distance 
matrix was used for cluster analysis using a hierarchical method by the UPGMA 
technique. To verify the consistency of the clusters, 1,000 permutations were used. The 
coefficient of cophenetic correlation (r) was also calculated to verify the adequacy of 
the cluster pattern of the accessions. The consistency of the nodes and bifurcations was 
obtained using the bootstrap technique, with the aid of GENES (Cruz, 2006). To 
determine if there was any correlation between the geographic distances and the genetic 
distances estimated by the Nei and Li coefficient (1979), the Mantel test with 10,000 




From the tags obtained on the gel a total of 64 fragments were generated using 
five ISSR primers (Table 2). 
 
 
Table 2. Sequence of primers used for molecular analysis of 55 Myrciaria dubia subsamples. Annealing 
temperatures (AT), number of bands generated (NB), number of polymorphic bands (PB), percentage of 
polymorphic bands per initiator (% PB), Approximate amplitude (in base pairs) of the amplified fragments 
(Abp). 
 
Initiator Sequence (5’  3’) AT (ºC) NB PB %PB Abp 
UBC 811 (GA)8C 53.4 12 12 100 110 -900 
UBC 814 (CT)8ª 49.8 11 11 100 200 -900 
UBC 817 (CA)8ª 52.2 12 11 091.6 110 - 1600 
UBC 868 (GAA)6 49.8 16 16 100 250 -1250 
UBC 880 (GGAGA)3 49.2 13 13 100 150 - 1250 
Total - - 64 63 098.32 250 -1300 
 
The optimal number of markers occurred with a sample size of 51 fragments, 
reaching a level higher than 97% correlation. The percentage of polymorphism for all 
primers in the 55 subsamples of M. dubia analyzed was 98%. The AMOVA indicated 
that the greatest genetic variability is expressed among the individuals within the 
populations (66.6%), and a smaller divergence among the populations (33.4%) of M. 
dubia from the collection  (P < 0.01). 
The UPGMA cluster analysis allowed the separation of the 55 subsamples of M. 
dubia into two main groups we names G1 and G2, with a 86.4% consistency rate and 
four subgroups (I, II, III and IV) separated by cut point in the dendogram of 78.22% of  
observed average distance (Figure 2). 
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Figure 2. Grouping the 55 subsamples of Myrciaria dubia by the UPGMA method based on the distance matrix 
obtained by the complement of the similarity coefficient of Nei and Li (1979). 
 
The subgroup I allocated 41 subsamples, with structuring of part of the accesses 
from the locations of Bem Querer, Morena lake, and Urubu river. The subgroup II 
presented all the subsamples from the locations of Água Boa stream and Água Boa do 
Univini river and four subsamples of the Acai Tuba stream. Subgroups III and IV were 
formed by only two and one subsample respectively, allocating the most divergent. 
Subsamples present in the same group are considered genetically closer. The coefficient 
of cophenetic correlation (CCC) was 86% correlation, 2.8 and 16.7 stress distortion. 
The correlation coefficient between geographical distances and genetic distances for the 
55 subsamples of M. dubia was 0.3 with a significant result of P < 0.01. 
DISCUSSION 
 
Studies by Goulão and Oliveira (2001) describe that the use of ISSR markers are 
useful in the identification of cultivars of fruit species that usually present a long 
juvenile period due to high reproducibility, providing advantages over other methods. 
The ISSR markers were effective in determining the genetic variability of M. dubia, in 
the same way as in other studies applied to the family Myrtaceae, as described by 
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Oliveira et al. (2014) with Psidium guajava L. (guava), Alves et al. (2016) with Myrcia 
ludiana (Sw.) and Cruz et al. (2016) with Plinia cauliflora (Brazilian grape tree). This 
emphasizes that the use of molecular biology techniques in the evaluation of little 
studied species, such as M. dubia, allows the selection of genotypes with greater 
divergence for new studies of backcrossing of the species in a short period of time 
(Gois et al., 2014). 
In a study using morphological characteristics and microsatellite markers 
performed in Peru (Smid et al., 2017), the authors identified a total of 91 alleles in 13 
populations, concluding that the use of this tool, compared to the results of the 
morphological characteristics, showing a high level of genetic diversity among and 
within populations. 
The inter- and intra-population genetic variability was similar to that found by 
Nunes et al. (2017) when analyzing 10 populations of M. dubia from Dos Reis lake, in 
Roraima, finding greater variability within (65%) than among populations (35%), with 
the use of 14 ISSR markers. The distribution patterns of genetic variability are highly 
correlated with the reproductive systems of plants (Martins, 1987). It is expected that 
cross-fertilized and long-lived species accumulate greater genetic variability within 
populations, with average values of 28% among populations when estimated by 
analysis of molecular variance based on dominant markers, as emphasized by Nybom 
and Bartish (2000). Considering that the values of variation among the populations of 
M. dubia were relatively high (33%), it is possible to infer that a partial form of self-
fertilization occurs for this species, which has already been reported by Maués and 
Couturier (2002).  
The genotypes AT08, AT13 (Açaí Tuba stream locality), AB08 (Água Boa 
stream locality), BQ28 (Bem Querer locality), EV10 (Estirão do Veado stream locality), 
LR12 (Dos Rei lake locality) and IAB01 (Água Boa stream locality) were grouped in an 
isolated manner, sometimes forming groups of a single individual. This characteristic is 
indicative of genetically divergent individuals in relation to the other genotypes of their 
group (Gois et al., 2014). Such genotypes, which presented greater genetic divergence 
in this study, are also part of the populations that have been highlighted in relation to 
the phenotypic characteristics analyzed by Chagas et al. (2015). 
We concluded that the populations AB (Água Boa stream locality), AT (Açaí 
Tuba stream locality), EV (Estirão do Veado stream locality) and LR (Do Rei lake 
locality ) contained the highest levels of ascorbic acid and that BQ populations (Bem 
Querer lacality) and IAB (Água Boa stream locality ) were the most promising for 
average fruit weight. In this way, the crossing of this information indicates that the 
selection of combined subsamples can generate higher quality individuals, preserving or 
accentuating characteristics of agronomic interest, as pointed out by Rojas et al. (2011) 
and Nascimento et al. (2014). 
The correlation of geographic and genetic distances suggests that there is a gene 
flow connecting the populations, which results in the genetic approximation of distinct 
populations and the high genetic variability within the populations (Slatkim, 1987). The 
grouping of subsamples from distinct regions, such as the Muçum lake (MU) that was 
allocated to the subgroup I, together with subsamples from alto Branco river, Quitauau 
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river (RQ) and Urubú river (RUR) confirm the existence of gene flow connecting the 
populations, through the dispersion of their seeds. As the dispersal system of the species 
occurs in a hydrochoric and zoocorical fashion, the populations are enriched with 
migratory flow of seeds carried by the ichthyofauna and the stream (Yuyama, 2011), in 
this way, the populations share alleles with each other maintaining genetic variability. 
Gene flow is one of the evolutionary factors responsible for limiting the 
speciation process, restricting the effects of genetic drift and natural selection, and 
therefore divergence among populations through the incorporation of alleles throughout 
the occurrence of the species (Slatkim, 1987). The high genetic variability found in the 
Working Collection reflects the origin of the subsamples that were derived from natural 
populations under different ecological conditions. These conditions are a natural feature 
throughout the Branco river basin, where it presents areas of contrast represented by the 
contact between savannahs (lavrado - a type of savannah), forests and campinas / 
campinaranas (Carvalho, 2014), each population being adapted to specific 
environmental conditions of their place of origin. 
CONCLUSIONS 
 
The genetic variability among the populations of M. dubia that occur along the 
Branco river basin have a low correlation with the geographic distance, due to the mode 
of dispersion of the species to increase the gene flow among the populations. The 
analyses suggest that the individuals AT08, AB08, AT13, BQ28, EV10, LR12 and 
IAB01 are the most genetically divergent, making them promising for breeding 
programs because they accumulate high genetic variation. 
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